This study investigated the effects of various monomer systems on composite resin wear in vivo. Experimental light-cured composite resins were prepared employing four different monomer systems: (1) Bis-GMA type, (2) D-2. 6E type, (3) UDMA type, (4) UTMA type. The resin monomers consisted of 70wt% main monomer and 30wt% TEGDMA. These composites contained 80wt% fine quartz.
INTRODUCTION
In recent decades, use of the synthetic composite resin introduced by Bowen1) has become popular in dental practice.
This resin is adequate for use in Class I and Class II cavities in posterior teeth, because it possesses aesthetic and adhesive properties superior to those of the amalgam used in posterior teeth.
The results of long-term evaluations of posterior composites in vivo2, 3) showed that composite resins, though useful and effective for posterior restorations, are still subject to occlusal wear and marginal fractures. Therefore, the ingredients of composite resins, i.e., fillers, base resin monomers and coupling agents, have been changed to improve mechanical properties. Although Bowen's Bis-GMA resin does have certain disadvantages as a binder for composite restorations, it has continued to enjoy the most extensive use. The disadvantages were a high viscosity that requires use of diluent monomers, difficulty in synthesizing a pure composition, strong air inhibition to polymerization, and high water absorption because of the diluents used and hydroxyl groups in the Bis-GMA molecule4). These problems have long been recognized and have led to the development of composite resins which employ various hydrophobic monomers or monomers which can form effective cross-linked polymers5-9). However, little is known about the structural effects of resin monomers on in vivo wear behavior.
In a previous study10), the effects of a number of filler systems, regarding occlusal wear on composite resin was reported.
Results showed that filler systems had considerable effect on occlusal wear. The findings also indicated that the dispersion of EFFECT OF MATRIX SYSTEMS ON OCCLUSAL WEAR colloidal silica among larger filler particles used in the hybrid type was most effective in enhancing the wear resistance of the resin matrix. In this study, a method using temporary metal crowns11) was used to observe the in vivo wear pattern of composite resins by SEM (scanning electron microscope) and ERA (electron probe surface roughness analyzer), and the effect of matrix systems on occlusal wear was investigated.
MATERIALS AND METHODS
Experimental composite resins Experimental light-cured composite resins with four different monomer systems* were used;
(1) Bis-GMA type (2, 2-Bis (p-2-hydroxy-3-methacryloxypropoxypheny) propane), (2) D-2.6E type (2, 2-Bis (4-methacryloxypolyethoxypheny 1) propane), (3) UDMA type (Urethane dime thacrylate), (4) UTMA type (Urethane tetramethacrylate) ( Table 1) . For chemical structures of the main monomers and diluent TEDGMA, see Fig. 1 . Conventional filler11) was selected in the case of those composites, and fine quartz filler and colloidal silica filler without silane treatment were used (Table 2 ). In addition, unfilled resins, with the four different monomer systems described above, were prepared for measurement of microhardness. Table 3 . Immediately after polishing, the microhardness value of the UTMA-based resin was the highest of the four. Microhardness values of all types decreased after storage in water for 2 months.
In particular, the degree of decrease in resins based on Bis-GMA, UDMA and UTMA were significant. The D-2.6E type maintained a relatively higher microhardness value, and, after storage in water for 2 months, was the highest among the four. SEM observation of occlusal wear in vivo Low magnifications of each experimental composite resin tested in the OCA are shown, in sequence, in Figs. 2-5. All types of the monomer system exhibited distinct wear facets, after one month. The wear facets of the Bis-GMA, UDMA and UTMA-based resins remained pronounced, even after 2 months. Within the same period, wear facets in the D-2.6E type, became obscure, due to increasing roughness over the entire surface of the specimen.
Under high magnification, differences between types became less pronounced, because surface areas were filed away and quartz filler-particles were broken. Sequential photographs of each experimental composite resin in the CFA under high magnification are shown in Figs. 6-9, respectively.
The resin matrices of the Bis-GMA, D themselves from the surface. However, matrix resin based on UTMA showed better wear resistance than the other composites.
This result might be explained by the fact that UTMA could form a more rigid polymer, due to its four methacrylate groups in monomer structure. Wear resistance is commonly regarded as correlated with surface hardness, so, the hardness test is applied to evaluate the mechanical properties of restorative materials.
In this study, the relationship between wear resistance and hardness was investigated.
Unfilled resins based on Bis-GMA, UDMA, and UTMA showed significant decreases in microhardness, after storage in water for 2 months.
This might be explained by relatively higher water sorption18-20) due to their monomer structures.
Bis-GMA monomer has hydroxy groups, and UDMA and UTMA monomers have higher polar urethane bonds in their monomer structures21). In addition, diluent TEDGMA itself also increased the water sorption due to its ether bond21), while at the same time, decreasing microhardness. However, the D-2.6E based unfilled resin showed a negligible decrease in microhardness.
The D-2.6E monomer is a kind of 2, 2'-bis (4-methacryloxy polyethoxyphenyl) propane (Bis-MPEPP) monomer, and is a mixture of a dimethacrylates with side chains of various lengths. The D-2.6E monomer does not have hydroxy group in the monmer structure, which could explain why it maintains a relatively higher microhardness value, after storage in water.
Furthermore, the mechanical properties of the D-2.6E based resin, such as compressive strength, indirect tensile strength and transverse strength, were superior to those of the Bis-GMA based resin examined in the previous study22). However, it was difficult to clarify the relationship between those mechanical properties and in vivo wear patterns. Loss of material from surfaces of composite resins was difficult to explain by mechanical wear mechanisms alone. In the oral environment, it is necessary to consider degradation of the mechanical properties by water.
However, Murakami et al.23) reported that the mechanical properties of experimental composites based on Bis-GMA, TMM-3M, EO modified bisphenol A dimethacrylate and UDMA were almost unaffected by long-term (1 year) storage in water.
To clarify the degradation of the mechanical properties of these experimental composites by water, further sophisticated water immersion tests are necessary.
In the oral environment, the wear mechanisms of composites are partially associated with chemical degradation of the surface.
Chemical degradation in vivo might be caused, not only by water sorption24-26), but also, by enzymes present in saliva27,28), thermal stress, and chemical agents in food29-31). The wear facets of the D-2.6E based resin in the OCA were clearly discernible after only one month, but were then obscured after 2 months, due to increasing the roughness of the whole surface of the specimen.
These findings suggested that the matrix of the D-2.6E based resin might be affected by chemicals from food or saliva. Roulet32) reported that chemical degradation in vivo increased surface roughness of the composites, under test conditions which excluded mechanical wear. Those chemicals may cause a softening of the outermost layers of matrix resin, so that mechanical attack will more easily remove the softened layer and then expose a new surface layer to enzymatic attack. Powers et al.33) showed that in vitro wear characteristics of the composites exposed to accelerated aging in a weathering chamber were different from those of unaged composites, and accelerated aging was used as a model to simulate the erosive wear of composites. However, in vivo wear characteristics of the composites might be altered more gradually, (1) Microhardness values of all types of monomer systems decreased after storage in water for 2 months.
Particularly, the unfilled resins based on Bis-GMA, UDMA, and the UTMA showed a significant decrease in microhardness after storage.
(2) All types of monomer systems showed distinct wear facets in the OCA after one month, with wear facets of Bis-GMA, UDMA and the UTMA remaining distinct after 2 months. In contrast, the wear facets of D-2.6E based resins in the OCA became obscured after 2 months due to increasing roughness of the whole specimen surface.
(3) In the CFA, the microabrasion of resin matrix and the loss of filler particles were observed in all types of monomer systems.
UTMA based resin showed the greatest wear resistance among the four.
(4) The effect of matrix resin systems on the occlusal wear was less than that of filler systems.
(5) ERA was more effective for observing and analyzing the surface morphology of composite resins, compared with ordinary SEM. 
